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chanc;es in riparian \'E(;etati()n along the Colorado
rl\ er and rio grande, colorado

\\ ancii D. SiiNclci" aiul (ianCJ. Miller"

Abstract —Clianges in vegetation inchicling area oteiipied. canopx co\er, ;uk1 niatiirit)' class of cottonwoods (Poptihts

spp.) within lower-clcxation zones of the (Colorado Hiverand Rio (Grande in (Colorado were monitored o\er 25- and37-\ear

inten als, respectively, nsing photo-inteipretatixc nietliocLs. l"",stiniated loss oi cottonwoods along the C^olorado Ri\er was

2 lui/kni ( —17.5% ), and remaining stands had become more open and older. ( "ottonwoods along the Rio (Grande increa.sed

1 .f) h;i/km (9.3% ) with minor canopx' cover and maturitx class changes. Area occnpied 1)\' shrnhs and ri\er channel changed

little along the ("olorado Ri\er, hut declined along the Rio Grande. Loss of ha\ meadowoccurred along both ri\ers. whereas

dexeloped land increasi'd along the Colorado River and iarmland increased along the Rio CJrande. W'ildlile habitats alon<4

the Colorado deteriorated nuich more rapidl\ than diose along the Rio Grande tluring mcjiiitored intervals.

K('i/ ircnis: riparian. Colorado, iiiroiton/. coiiomvood. Populus ,v^)^j.. wihllijc liahitaf.

Ri\-eriiie .swstems in the Great Basin and

southwestern United States are important hab-

itats for resident and niigraton wildlife (Ander-

son and Ohniart 19S(), Ilnnter et al. 1985). Two
major ri\er swstems (Colorado and Rio Grande)

in the southwestern United States originate

within Colorado. While substantial work has

been conducted to identify wildlife use and to

manage riparian habitats in lower reaches of

these ri\er swstems (Stexens et al. 1977, Ander-

-son et al. 1978, Anderson and Ohmart 1980,

1985, Swenson and Mullins 1985), little infor-

mation has been published from studies con-

ducted near the headwaters of these ri\ers.

The cottonwood-willow {Popidus-Salix)

riparian ecosystem along Colorado's major

rixers has the highest wildlife species richness

and densits' in the state ( Beidleman 1 978, Fitz-

gerald 1978, Hoover and Wills 1984) andisu.sed

In 283 species of \ertebrate wildlife. Howe\-er,

most studies ha\e centered on the South Platt("

Rixer in northeasteni Colorado (Graul and

Bissell 1978). Wildlife \alues of riparian habitats

along streams and rivers in the mountainous

western two-thirds of (Colorado ha\ e receixed

little stud\. Among ecosx'.stems in mountainous

areas, cottonwood-willow rixerbottoms nsnalK'

possess higli \alues for resident and migratorx'

wildlife (Schnipp 1978, Thomas et al. 1979,

Melton et al. 1984). Awareness of these x'alues

has increascnl in recent \ears along with concern

for increasing actixities in, and degradation of.

these critical xxildlife zones (Windell 1980).

These habitats are of .special concern in moun-
tainous areas because xallevs are frequentlx

narroxx' and centers of himian actixih'.

Before attempting to manage riparian xegeta-

tion for xxildlife, it is necessarx' to leani xx'hether

these habitats are declining in ability to sustain

species richness and abundance. This paper

assesses recent changes and status of riparian

xegetation along the Rio (irande and Colorado

Rixer in southern andxx'estem C'olorado.

Study a hi; a

Lf)xx'er-elexation zones of the Rio Grande

and (Colorado Rixer in C>olorado xxere selected

for study (Fig. 1, Table 1). The Colorado Rixer

and its tributaries drain about 46,196 km" of

western Colorado (Ugland et al. 1984, \V)I. 2).

The Colorado Rixc-r is confined to relatixelx'

narroxx- xallex s until it is joined bx the (immison

Rixer near CJrand function xxhere the xallex

broadens xxith reduced .stream gradient. It

leaxes the state xxith floxxs approximatelx 75%
greater tlian at the upstream end of the studx

area (Table 1).

^Colorado Dhi.sion ol Wildlifi-. .306 Cottonwood Liine, Sterling, Colorado 807.51.

"Colorado Dhiskm of\\ildlif"f,.317X\'. Prospect Hoad. Fort Collins. Colorado 80.526.
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Fig. 1. C^olorado River and Rio Grande with iinentoried portions ( —) and segments ( | ) in western and south centr

Colorado.

Tablk 1 . Characteristics of variables measured along th

Colorado River and Rio Grande, Colorado.

\ariable Colorado Ri\er Rio (Traude

.V sampling intervixl, \t.s'' 25.0

Distance sampled, km '

1 67.3

Sample units 21

.V hii/sample unit ST.O

Sampling intensiU', % 20
Elc\ati()n, m

upper 1829
lower i;372

X daily stream flow, mVs

ii])per 1005
lower 175. .5

36,8

117.4

20

163.2

2438

2286

25.3

7.0

'.Vi-rial plioto.s were" fn

to 19.S()(C;olora<l()Kiverl,

Liticar di.staiKc wa,s ri

1941 to 197.3-S:? iKio CraiKlrl .uul Ironi 19.51 -.57

siireilal llu- cfiitc-r ol tin- n\rr tlianiu'l.

Tlie Rio Grande drain,s appro .xiniately

1 9, 1 94 knr, of which 7612 knr i,s within a closed

l)a,sin in sonth central (Colorado (llglanel et al.

1984, Vol. 1). River flow originates priinariK in

the San jnan Range with lesser anionnts from

the Sano;re de Gristo Ran<ie. The ri\ er enters the

western part of the San Luis \ alley, a high-

elevation (2286-2438 m) park, and travels

throngh farmed areas for approxiniateK 100 km
(where most stream flows are used for irrigation

[Table 1 ] ) before entering a camon that extends

into New Mexico.

Harrington (1954) noted that luirrowleaf

cottonwoods {P. angtisiijoJui) dominate along

the Rio Grande and upper pc^lions of the Col-

orado Ri\er, whereas lanceleaf cottonwoods
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(P. acuminata) occur sparselv over a slightK'

broader ele\ation range. Rio Grande cotton-

woods [P. wislizeni) dominate at lower ele\ a-

tions along the Colorado Ri\er. Willows are tlie

priiiiaiA' shrubs along the Rio Grande and uppei'

portion of the Colorado Ri\"er gi\ing wa\ to

tamarisk (Tanuirix (^allica) at lower elevations

along the latter iplant names follow I hirrington

11954]).

Methods

ApproximateK 167 km ot the Colorado Ri\er

and 1 1 7 km of the Rio Grande were selected for

stndv and respectixeh stratified into four and
three segments (strata) based on empirical

assessments of \egetation (area occupied b\' cot-

tonwoods, plot width, etc.; Fig. 1). Segments

(numbered from upstream to downstream; Fig.

1) were used to distribute random sample units

(linear 1.61-km river tracts) more uniformK

along the ri\ers. Twent\' sample units were dis-

tributed along the Rio Grande, whereas the

Colorado River stud\- area contained 21. An
electronic planimeter, positioned at mid-chan-

nel on U.S. Cicological Sune\ topographic

maps, was used to delineate the randomh
selected 1.61-km (ri\er mile) sample units.

Width of sample imits varied and was based on
flood plain width, primariK' encompassing nat-

ural riparian xegetation readiK discerned on

aerial photos (some adjacent cropland and

grassland were included).

The earliest (scale 1:20, ()()()) and most recent

(.scale 1:40,000) aerial photos axailable (U.S.

Department of Agriculture) were acquired for

each sample unit to \ield changes over time.

The same area was inxentoried within each

sample iniit duiing both earlv and recent inter-

\als to assess changes. Earliest aerial photos

were from 1941 and the most recent photos

were from 1973 through 19S3 for the Rio

C^rande. Those for the CJolorado Rixcr were
from 1951-57 (early) and 1980 (recent >.

Inteipretati\e anaKses of aerial photos were
contracted to the C>'olorado State Forest Senice.

Vegetation t\pes, including trees (primariK tot-

t(^nwoods), shmbs (tamarisk [Colorado Rixcr]

and willow), hav meadows, grasslands, agricul-

ture (farmland), de\"eloped (roads, towns, etc.),

ri\en standing water, and umegetated (sand-

bars) were delineated on acetate overlaxs using

a stereoscope. Ri\er and unvegetated wei(>

combined as ri\er channel. Minor vegetation

tynpes {<!% of total area) were omitted. The area

per \egetation t) pe was recorded to 0. 1 ha using

an electronic planimeter. On-site inspections

w(^re conducted within se\-eral plots along both
risers to \ciil\ that [ilioto interpretation was
accurately assessing cottonwood stand matnritA,

canopy co\er, and \egetation types. Photo inter-

pretation accuiacv approximated 95%.
Maturit) classes (tmnk diameter) were esti-

mated from tree crown si/.e using photo inter-

pretation. The relationship between trunk

diameter and tree crown si/.e was basetl on

pre\i()us sampling of cottonwoods along tlie

South Platte Ri\er in Nhjrgan ('ount\-, Colorado

(Getter 1977). A close relationship (r = .SI)

between tree crown size and trunk diameter at

breast height (dm dbh) was indicated. Howexer,

data lelating dbh to tree age were lacking, as

increment boring to estimate age of cotton-

woods did not \ield satisfacton- age data. Matu-
rit\' classes included stands dominated b\ trees

<1.5, 1..5-4.0, 4.1-7.6, and >7.6dm dbh. Stands

of trees were classified b\ canopy co\er as open

(10-35%), intermediate' (36-55%). and clo.sed

(>55%.).

Changes in stands of cottonwoods from earl\'

to recent photos were anah'zed using paired

t tests appropriate for stratified (segment) sam-

ples based on the Inpothesis that mean change

was zero. Initial tests included anaKses of indi-

\ idual maturitx/canopv-cover classes; howexer,

sample sizes were inadecjuate to \ield meaning-

ful results. Therefore, maturitx-class data for

pooled canop\- cox'er classes and canop\-co\er

data for pooled maturit\' classes are presented,

hi addition. carK to recent changes were pre-

s(Mited, wluMc cauop\' cover and maturit\'

classes were [)artitioned. Changes for other

cover t\p)es were anaKzed using paired t tests;

ANON'A was u.sed to detect differences among
segments. Mean conipaiisoiis were considered

significant at P < .05.

RE.su LTS

("oloiado l^iNcr

Estimated loss of cottonwood stands along

the Colorado River was 1.9 hii/km sample unit

( 17.5%: Table 2). Losses in the upper segment

(Fig. 1), where cottonwoods initiallv averaged

only 2.2 hii/km, were >90% (Table 3). Area

occupied by cottonwoods was highest in seg-

ment 2 where they declined 4.4 ha/km. Within

downstream segments, cottonwoods axeraged
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TaULK 2. Area occupied (.v lia-'kiii ) In \ egetation/Iand-iise h pe during eaiK and recent inten ids

and Rio Grande, Colorado.

the C'olorado Ri\'er
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TRUNKDIAMETER

(dm-dbh)r]..6

EARLY RECENT EARLY RECENT EARLY RECENT

CANOPYCOVER

FitT. 2. Earlv to recent clianges/sample in niatnritx class,

aiul canop\ c()\ei" of cottonwoods along the lower Colorado

Hi\er, western Colorado.

the coiiipo.sitiou duiing hotli saiiipk\s and

increased 9.3% in occupied area (Fig. 3). Trees

of intermediate size (1.5-4.0 dm) declined (F =

.13) over the 36.7-year interval, giving way to the

next larger (4.1-7.6 dm) maturitv class that

increased 27.2% (P = .16) (Fig. 3)'. This latter

group dominated among inatnritv" classes

dnringboth sunevs. Large trees (>7.6 dm) rep-

resented onlv 3% of the total during both sur-

veys and showed little evidence of increasing in

occupied area.

Open stands initiallv occupied 31% of the

timbered area and declined (P = .25) to 259^

I Fig. 3). In contrast, stands of intermediate clo-

sure increased {F = .02) from 33 to 40%. Closed

stands increased modestlv {P = .49, 9%), repre-

senting 359f of the total during both sui"ve\s

(Fig. 3).

Hav meadows dominated among v egetation

tvpes (Table 2), decreasing from 68 to 54% of

tli(^ sampled area. Declines occurred primariK

\\ itliin the two nj^per segments. Initiallv. grass-

land was minor but it increased. primariK

w ithin the upper segment. Onlv 2 of 20 samples

originallv contained cropland, but the propor-

tion increased to 9 of 20 samples (0.1 to 13.4%).

Developed land and standing water were

minor components in both earlv and recent

I
LU

TRUNKDIAMETER(dm-dbh)

EARLY RECENT EARLY RECENT EARLY RECENT

CANOPYCOVER

Fig. 3. FarK' to recent clianges/saniple in niatnrit\' cUiss.

and eanop\' co\er oi cottonwoods along the lower Hio

Grande, southern Colorado.

suiA'evs. Ri\er channel decreased (36.7%)

throughout the studv area. .\rea occupied by

shrubs was minor and estimated loss v\as 25%
(Table 2).

Dl.SCUSSION

('omparison of clianges along the two rivers

leads to greatest concern for habitats along the

(Colorado River, the much larger of the two

(Table 1 ). The 25-vear interval along the C^oio-

rado River was considerablv less than that for

the Rio Grande, but a 17.5% decline occurred

in area occupied bv trees. Development along

the y'wcr increased dramaticalK and replaced

manv stands of trees.

Lack of natuial reproduction and/or liigli

uiorialitA of voung trees v\ as indicated by a 50%
reduction in stands of voung trees along the

(Colorado River. Reduction of stands dominated

b\ old trees, which provide primaiy habitat for

ca\itv nesting wildlife, was also evident. IIov\-

evcr ra])id shifts toward more open stands,

which indicated excessive mortalit)- within

stands, were more discouraging than changes in

luaturitv structure. Thus, there were fewer and

smaller stands and those remaining v\ere more
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open and occupied In' iritennediate maturih

classes.

Losses of cottonwoods were especially dra-

matic (>90%) in the upper segment where

occurrence was initiallv' low. Expansion of urhan

areas, highway construction, and other de\elop-

ments were responsible for much of the riparian

habitat loss in a relativeK' narrow valley that

initially possessed limited riparian habitat and

relati\el\- rapid stream flows. Loss of trees to

beaver {Castor canadensis) was noted and ma\'

be important, especially in the upper segments,

since many stands of cottonwoods were con-

fined to streamsides by valley relief

Expansion of tamarisk was evident along

lower reaches of the Colorado River wdthin a

broadened floodplain and slower stream flows.

Increasing expansion of tamarisk severely limits

opportunities for natural regeneration of cot-

tonwoods and willo\\'S. Russian olive {Elaeagnus

angustifolia) also is pioneering along the Colo-

rado Ri\'er. This species possesses a growth form

of intermediate height and, like tamarisk, may
form monocultures (Knopf and Olson 1984).

Stream flows along; the Colorado River haxe

not shown major declines in recent decades.

Large impoundments and high-elevation diver-

sions, primarih- occurring during the last 50

years, ha\e altered and reduced peak flow

sequences on the Colorado and Gunnison

rivers.

Extensive flooding occurred along the Colo-

rado River in 1983-84, resulting in considerable

natural reproduction of seedlings. However,

infrerjuent flooding is not likely to offset the

impacts of stream flow regulati(5n, streamside

developments, and invasions of exotic species.

Vegetation conditions and changes along the

(Colorado River appear to be following the pat-

tern of disrupted recruitment of native riparian

phreatoplntes occurring along many western

rivers (Howe and Knopf 1991).

In contra.st to changes documented along the

Colorado River, riparian habitats along the Rio

Grande were relatively stable during the sample
intenal, with an increase in area occupied by
cottonwoods. However, several of the sample
units within the lower segment contained few or

no cottonwoods. Little evidence of seedling

establishment was noted subsequent to

increased stream flows during 1983-84, which
raises concern for future trends. Stream flow s

averaged over 10-year intenals since 1890
showed little evidence of decline at Del Norte

in the west central portion of the San Luis Valley

(Ugland et al. 1984, \bl. 1). However, upstream

impoundments have reduced peak flows and
altered patterns with stabilized increased vol-

umes into late summer for irrigation. Flows

downstream at Alamosa (Fig. 1) averaged about

30% of those at Del Norte, and average flows

since 1930 have been about one-half of those

from 1913 to 1930. Reduction in channel width

was indicative of reduced and stabilized stream

flows. Streamsides were dominated bv peren-

nial herbaceous vegetation, which provides lim-

ited opportunity for establishment of

pioneering species such as cottonwoods and is

indicative of moderately stable and slow stream

flows through the relatively flat San Luis \ alley.

Increased farmland was the most pronounced
land-use change along the Rio Grande, whereas

little development occurred.

Shnibs (primarily willows) have not been

major components along the Rio Grande in

recent decades. Severe cold winters, due to high

elevations (Table 1), ma\" prevent invasions of

tamarisk, which has developed as a streamside

monoculture at lower elevations elsewhere

along riparian systems in the Southwest. Rus-

sian olive was not v'et invading the inventoried

Rio Grande riverbottom.

Similar inventories of riparian vegetation

changes and status were conducted along the

South Platte and Arkansas rivers in the High

Plains of eastern Colorado (Snvder and Vliller

1991 ). Deterioration of habitat along the Arkan-

sas River was much greater than along western

rivers in Colorado. However, conditions along

the Colorado River seemed to be deteriorating

more rapidly than along the South Platte River.

There was also much less riparian habitat along

western rivers, making that wliicli remained of

greater importance. Sampling of changes

between two points in time may not give an

accurate assessment of long-term trends. A
third inventory of these same sample units is

recommended in the near future.
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